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Introduction
The bulk of prior research in the area of open data presumes that open data positively affect the generation of social, environmental and economic value [1] . It is argued that open data can stimulate innovation and deliver new opportunities to companies [2, 3] . In open data ecosystems, the provision of open data by governments and the use of open data by companies as intermediaries and end-users are expected to result in commercial value for companies. From an economic view, commercial value can enhance the price of a product or reduce costs [4] . This type of value can be indirect as open data can complement existing products and in this way result in more sales and profit. Value is 3 often relative in comparison to other alternatives and dependent on the stakeholder viewpoint. Each stakeholder can have a different perception on the value that is generated by open data. Whereas one stakeholder might perceive value, another might not, which contributes to the wickedness. As mentioned by Lindman, et al. [5] , "value is open data applications and interpretations [5, 6] .
Open data ecosystems can generally be defined as all activities interpreting and discussing data and providing feedback to the data provider and other stakeholders" [7, p. 17] . Open data ecosystems show the users how open data might potentially be used and they provide guidelines concerning data use. Furthermore, they provide a system to manage quality issues of open datasets and they provide different types of metadata that are needed for the interpretation of the data [7] . In this paper we focus on commercial value creation in open data 4 ecosystems. Other types of value creation are outside the scope of this paper. The use of the term 'companies' in this paper refers uniquely to "commercial, for-profit companies" and excludes non-profit companies.
Creating commercial value through open data use in open data
ecosystems is a type of problem that Churchman [8] and Rittel and Webber [9] refer to as a wicked problem. Wicked problems are characterized by the following features, among others: a lack of definitive formulation, no immediate and ultimate test of a solution and by being unique [9] . In open data ecosystems, value creation is dependent on permanent feedback from the environment and there is no definitive formulation of value creation in open data ecosystems. An open data ecosystem is characterized by a variety of stakeholders who "find, manage, archive, publish, reuse, integrate, mash-up, and consume open government data in connection with online tools, services and societies" [10, p. 326] . Open data ecosystems typically consist of "multiple interdependent socio-technical levels, dimensions, actors (including data providers, infomediaries and users), elements and components" and "develop through user adaptation, 5 feedback loops and dynamic supplier and user interactions and other interacting factors" [7, p. 23] . In such open data ecosystems, value creation is characterized by a lack of definitive formulation, by complex interactions among a large variety of actors having different stakes, by a lack of criteria that tell when a solution has been found, and by uncertain outcomes of value creation. This paper is structured as follows. The following section first discusses the wicked problem literature, followed by the research approach.
Based on the characteristics of wicked problems, we consult experts to examine to which extent commercial value creation by companies in open data ecosystems can be considered to be wicked problems and how an ecosystem can be structured to handle the wicked problem of commercial open data value creation by companies. Subsequently, based on the findings from the expert consultation, the next section develops policy guidelines for commercial value creation in open data 6 ecosystems. This paper builds on a paper that we presented at the 16th Annual International Conference on Digital Government Research [11] .
Wicked problem literature
This section provides an overview of the literature concerning wicked problems. It gives an initial overview of characteristics of wicked problems, that could subsequently be used for analyzing commercial open data value creation in a practical situation.
In general, governmental organizations aim to create public value by meeting the needs and wishes of the public to create particular benefits and by contributing to a better government [12] . In the context of open data, two overarching value generating mechanisms that explain how open data may lead to the creation of value are the information sharing mechanism and the market mechanism [13] . The information sharing mechanism refers to offering new information enhancing transparency and reducing information asymmetry. The market mechanism refers to the creation of value through markets when using open data as a resource for new products and services or to facilitate process improvements.
Creating commercial value for open data use by companies in
the open data ecosystem is a wicked problem. Churchman [8] states that wicked problems are a set of ill-formulated social system problems, "where the information is confusing, where there are many clients and decision makers with conflicting values, and where the ramifications in the whole system are thoroughly confusing" (p. B-141). Wicked problems are dynamically complex, ill-structured and public problems, that are sometimes referred to as social messes or untamed problems [14] . Distinguishing properties of wicked problems, as mentioned by Rittel and Webber [9] , are that solutions to wicked problems have consequences that may outweigh intended benefits, there is no opportunity to learn by trial-and-error as every attempt counts significantly, there is no exhaustive set of solutions that policy makers can draw from to solve the problem, every wicked problem is essentially unique, and every wicked problem can be considered to be a symptom of another problem [9] .
According to Rittel and Webber [9, p. 160] , "wicked problems include nearly all public policy issues". Wicked problems are related to cognitive, strategic and institutional uncertainty and different stakeholders are dependent on each other [15] . Wicked problems can be related to, for instance, global climate change, healthcare, poverty and crime [14] . For wicked problems, there is no definite formulation, since "the problem includes a permanent feedback with its environment. The process of formulating the problem is interconnected with the process of its solution" [16, p. 278] . Moreover, there are no criteria that tell when the or a solution has been found [9] . The problem definition of wicked problems changes over time, causes and effects of wicked problems are scientifically uncertain and stakeholders may disagree about them, and different types of societal stakeholders are involved in value conflicts about the wicked problem [14, 17, 18] 
Research approach
This section presents the approach used for this study (see Fig. 1 ). Each of the blocks in Fig. 1 is explained below.
<Insert Fig. 1 
here>
As a first step of our study, experts were consulted through different sources. The combination of sources may help to maximise construct validity and reliability [19] . Multiple sources can be integrated in a triangulating fashion and are expected to provide more comprehensive results than a single source [19] . In order to put the findings into context and to support the development of policy guidelines, our study combines the information sources of semi-structured interviews and a survey. Given the wicked nature of the problem that we study, interpretive research was employed. Innovation through commercial open data use was studied in two countries, namely in Greece and in the Netherlands. The study focused on these countries for practical reasons, since the researchers had access to experts in these countries and they spoke the language. Table 2 provides information about the experts consulted in our study.
<Insert Table 2 here> [20] . The complete overview of questions that were asked is provided in the study of [21] . Since the survey sample was small, the survey results were only analyzed in a qualitative fashion and not quantitatively. 
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We focus on the wicked problems of value creation by companies. A description of the country backgrounds is provided, followed by the findings from the expert consultation. and success.
Country backgrounds
The foregoing shows that the two countries that we study involve a diversity of cultural characteristics concerning power distance, individualism, masculinity and uncertainty avoidance. As far as long term orientation and indulgence are concerned, the Netherlands has a slightly higher score on these dimensions, yet the cultural differences on these dimensions for Greece and the Netherlands are small. These cultural characteristics need to be taken into account in interpreting the findings below.
Findings from the expert consultation
In this section we analyze the findings from our expert consultation and interpret them in the context of our research. Findings from the expert consultation are described for all of the wicked problem characteristics that were mentioned in section two, although some of them were clustered since they relate to each other.
No definite formulation of how open data value creation can take place
The literature showed that wicked problems have no definite formulation [9, 16] and that every wicked problem can be considered to be a symptom of another problem [9] . 
How companies can create value in open data ecosystems is illformulated, complex and ill-structured
According to the literature, wicked problems are ill-formulated social system problems [8] , that are dynamically complex, ill-structured and public [14] . Causes and effects of wicked problems are scientifically uncertain and stakeholders may disagree about them [14, 17, 18] . Our study showed that the problem of how to create value for companies in open data ecosystems is also ill-formulated, complex and ill-structured. 
In one of the interviews it was mentioned that "the use of open data is complex, and for all the challenges that arise you have to come up with a business idea, try to convert it into a kind of service, and then defuse it to possible users. So knowledge is critical and skills are very important."
Dependence on other actors and risk avoidance in open data value creation
As mentioned in the literature, for wicked problems there is no opportunity to learn by trial-and-error as every attempt counts significantly [9] . This also applies to the open data ecosystem. The extent to which companies can create commercial value in the open data ecosystem is influenced by the decision of a governmental organization to not publish a certain dataset (anymore), to not update the data, to change the format in which the data is published or to reduce the quality of the data or the way it can be used. Moreover, when public agencies publish wrongful or sensitive data on the internet, this is irreversible, and this could not only harm the government but also companies that use these data. This was also mentioned by one of 
No criteria for finding solutions and no exhaustive set of solutions for open data value creation
Solving problems is important to stimulate commercial value creation in open data ecosystems. However, wicked problems are characterized by a lack of criteria that tell when a solution has been found [9] .
Additionally, there is no immediate and ultimate test of a solution to a wicked problem and solutions to wicked problems have consequences that may outweigh intended benefits [9] . There is also no exhaustive set of solutions that policy makers can draw from to solve the wicked problem [9] and the problem definition of wicked problems changes 24 over time [14, 17, 18] . This differs per data use case and may also change over time, since the open data ecosystem is continuously evolving. In addition, the benefit of a certain solution, such as publishing data on a low level of granularity, 25 may be outweighed by the risk on revealing the identity of persons when such data is available.
Policy guidelines for generating commercial value in open data ecosystems
The previous section provided the findings from our expert consultation and showed which problems need to be taken into account when Tables   Table 1: Characteristics of wicked problems.
Wicked problem characteristic Reference No definite formulation
Rittel and Webber [9] , Skaburskis [16] A set of ill-formulated social system problems Churchman [8] Dynamically complex, ill-structured and public Batie [14] Every wicked problem can be considered to be a symptom of another problem Rittel and Webber [9] No opportunity to learn by trial-and-error as every attempt counts significantly Rittel and Webber [9] No criteria that tell when the or a solution has been found Rittel and Webber [9] The problem definition of wicked problems changes over time Batie [14] , Dentoni and Bitzer [18] , Dentoni and Bitzer [17] Causes and effects of wicked problems are scientifically uncertain and stakeholders may disagree about them Batie [14] , Dentoni and Bitzer [18] , Dentoni and Bitzer [17] Different types of societal stakeholders are involved in value conflicts about the wicked problem Batie [14] , Dentoni and Bitzer [18] , Dentoni and Bitzer [17] Solutions to wicked problems have consequences that may outweigh intended benefits Rittel and Webber [9] There is no exhaustive set of solutions that policy makers can draw from to solve the problem Rittel and Webber [9] 
